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(54) Sample injector for a high-pressure liquid chromatograph 

(57) A sample injector for a high-pressure liquid 
chromatography system that has an injector needle (9), 
which is freely movable within a three dimensional sam- 
ple space. The needle is attached to a means of trans- 
port, which moves in the Y-, Y- and Z-axes. The needle 
can be moved to various sample intake positions on a 
sample tray and to the injection position where the sam- 
ple is injected into the capillary system. The means of 
transport comprises a mechanism called X-carriage. 
which is movable in horizontal direction. The X-carriage 
has jib (7) attached that performs the vertical movement 
and a rotation arm (8), which can rotate for ±180^ in a 
horizontal plane. The injection needle (9) is attached to 
the end of the robot arm (6). The needle is connected 
with a metering means, through a flexible connection 
capillary (13) comprising a glass capillary and a plastic 
coating. The combination of known high-pressure injec- 
tion systems with a flexible capillary has the advantage 
that even the most minute sample can be injected in the 
analysis cycle without losses. 
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Description 

[0001] The invention relates to a sample injector for 
higli-pressure liquid chromatographs according to tlie 
precliaracterising pad of claim 1. Sucli injectors are s 
used to inject a sample which is to be chromatographi- 
cally analysed, into the chromatographic column. 
[0002] From EP 0 327 658 A1 a high*pressure sample 
injector for a liquid chromatograph is known with which 
samples can be injected by using metering means and io 
a capillary system with a generally known six-port valve 
for the individual process steps. In the known sample 
injector, the needle is raised in order to place a sample 
container for sample intake underneath the needle. 
Subsequently, after removal of the sample container, is 
the defined sample quantity taken up is injected into a 
seat in order to Inject the sample quantity Into the chro- 
matography system. Metering means being capable for 
high-pressure sample injection which is permanently 
rinsed has the advantage that no loss of sample mate- 20 
rial occurs, when compared to metering devices not 
being capable for high-pressure. However, the known 
sample injector has the disadvantage that the sample 
must be transported to the needle and consequently, 
often much more sample material must be provided 25 
than is actually used. 

[0003] It is thus the object of the present invention to 
propose a high-pressure sample injector which has the 
needle freely movable in a three-dimensional sample 
area with a metering device being capable for high- 30 
pressure injection and connected to the high-pressure 
liquid path. 

[0004] According to the invention, this object is met by 
a sample injector with the characteristics of claim 1 . Fur- 
ther advantageous embodiments are provided in the 35 
dependent claims. 

[0005] Accordingly, the sample injector comprises a 
needle which is movable along the X, Y and Z axes to 
the various sample intake positions on a sample tray 
and to an injection position where the sample is injected 40 
into the capillary system. To move the needle within the 
three-dimensional sample space, the means of trans- 
port comprises a mechanism called X-carriage, which is 
movable in horizontal direction. The X-carriage has a jib 
attached that performs the vertical movement. The jib 45 
holds a robot arm, which can rotate for ±180j in a hori- 
zontal plane. The injection needle is attached to the end 
of the robot arm. In addition, for the free movement of 
the needle in all directions in a sample area, the needle 
is connected to a flexible connection capillary, made so 
from a glass capillary and a plastic coating. Due to the 
invention, the samples can now also be provided in so- 
called well plates in which a multitude of small indenta- 
tions arranged side by side are provided to take up the 
sample liquid. Due to the hinging range of twice 180j, ss 
the flexible connection capillary bends in both direc- 
tions, however without kinking and without stopping the 
transport of liquid. For this purpose, a connection capil- 



lary can be used as it is described for example in EP 0 
698 789 A1 for connection to a detector ceil within a 
chromatography system. 

[0006] Thus with the sample injector according to the 
invention it is possible to maintain the advantages of the 
injection mode described in EP 0 327 658 B1 and at the 
same time to move the needle to the sample, whereby 
the connection capillary on the one hand allows a pres- 
sure up to 400 bar while at the same time maintaining 
frequent bending cycles. According to a particular 
embodiment, the connection capillary is guided within 
the robot arm which in turn is held with the jib on a sup- 
porting frame which makes possible vertical movement 
and X-slide movement of the jib. In this context, X-slide 
movement means that, while a given position in X-Y- 
coordinates is transferred in polar coordinates compris- 
ing a X-direction and an angle, the jib makes move- 
ments in the X axis while the rotation angle to reach the 
sample is earned out by the rotation arm. In the area of 
this supporting frame, the moveable glass capillary is at 
least partially kept within bent tubular guides and out- 
side the supporting frame ^e said capillary is con- 
nected to the metering means by way of a high-pressure 
resistant fitting. Thus the flexible connection capillary 
can be threaded through the guide up to the needle and 
fitted to the needle and can be connected at the other 
end to the metering means. 

[0007] According to a further preferred embodiment, 
the flexible connection capillary is made from a quartz 
glass and a PEEK casing and has a pressure stability of 
at least 400 bar, whereby for a range of up to 0.6 mm 
exterior diameter of the quartz capillary the diameter 
ratio of exterior diameter to interior diameter is at least 
2.4. These special characteristics ensure the strength of 
the connection capillary in regard to the pressure while 
at the same time providing mobility. In order to also 
ensure that a minimal bending radius is maintained, the 
ratio of exterior diameter to minimum bending radius in 
the area of the robot arm is at least 0.018. 
[0008] Below, the invention is explained in more detail 
by means of one embodiment. 

Fig. 1 shows an in-prindple diagram of a sample 
injector with a metering means, a capillary 
system as well as a means for moving the 
needle. 

Fig. 2 is a perspective view of the means for mov- 
ing the needle with the mechanism for the 
XYZ movement and the sample trays. 

Fig. 3 shows the principal movement of the robot 
arm in the X and Y axes. 

[0009] The in-principle diagram in Fig. 1 shows the 
basic function with the individual elements of the sam- 
ple injector and their connection. Shown are the meter- 
ing means 1, the distributor system 2 with the capillary 
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system and the means 3 for taking in the sample and 
injecting it into the capillar/ system which means 3 is 
connected both with the metering means and with the 
distributor system. The way the distributor means 2 as 
well as the metering means 1 function Is for example s 
explained in EP 327 658 A1. The means 3 comprises a 
mounting 4 which is movable in vertical direction and 
connected to the metering means 1 by way of a conduit 
5. On the mounting 4 there is a robot arm 6 comprising 
a jib 7 and a rotation arm 8 coupled to the free end. w 
Attached to the free end of the rotation arm 8 is the nee- 
dle 9 for receiving the sample liquid from sample con- > 
tainers 10 and injecting it into the seat 11 in the 
receptacle 12. The arm 8 is hingeable by ± 180i in rela- 
tion to the arm 7 and as a result, the needle 9 is con- 75 
nected to the conduit 5 by a flexible connection capillary 
13. The sample intake 10 comprises a tray with individ- 
ual indentations for the sample liquid. The seat 11 is 
connected to the distributor means 2 via the conduit 14. 
[001 0] Fig. 2 shows an exemplary embodiment with a 20 
supporting frame to which the robot arm 6 is attached. 
A mechanism 16 for vertical movement of the robot arm 
6 as well as a mechanism 17 for the sliding movement 
of arm 7 is provided on the supporting frame. Fig. 2 also 
shows the sample needle arranged at the free end of 25 
arm 8. In this drawing, the flexible connection capillary 
13 is routed from the point where the needle 9 is 
attached to the arm 8, in the robot arm 6 to the support- 
ing frame 1 5 and is guided in the supporting frame 15 in 
tubular guides 18 so that the flexible connection capil- 30 
lary can follow the movements of the robot arm 6 in rela- 
tion to the supporting frame 15 as well. The tubular 
guides are partly bent to provide the connection capil- 
lary with a clear guide and curvature. The connection 
capillary 13 is threaded into the individual guides and ss 
connected to the needle 9 by means of a respective fit- 
ting. At the other end there is a respective connection 
(not shown) to the metering means 1, for example by 
way of conduit 5 of Fig. 1. 

[001 1 ] In one embodiment, the glass capillary meas- 40 
ures approx. 1.10m and has an exterior diameter of 350 
to 600 |ymi. The glass capillary comprises quartz glass 
or borosilicate glass and the coating conrprises poly- 
etheretherketone (PEEK). The combination of quartz 
glass and plastic coating provides pressure stability, in 45 
particular with a diameter ratio of exterior diameter to 
interior diameter of at least 2.4 at an exterior diameter of 
the glass capillary of up to 600 M^m. The connection cap- 
illary is 0.8 to 1 .6 mm in diameter to ensure the neces- 
sary resistance to pressure. so 
[001 2] Fig. 3 shows the basic movements of the robot 
arm 6 with X-slide movement of the jib 7 as well as the 
movement of the needle 9 at the free end of the robot 
arm 2 in X and Y axes by moving the rotation arm 8 at 
an angle 6 and a respective sample tray 10 with ss 
recesses (well plate). 
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Claims 

1 . A sample injector for a high-pressure liquid chroma- 
tography comprising: 

a sample needle (9) through which a sample 
which is to be chromatographically analysed 
can be drawn in by action of a metering device 

(1); 

a means (3) for moving the needle into a sam- 
ple intake position and into a sample injection 
position; 

a capillary system (2. 5, 14) for transporting 
solvent delivered by a solvent delivery system 
at high pressure to a chromatographic column 
and for transferring samples to the chromato- 
graphic column; 

said metering device (1) being adapted for 
drawing a metered amount of sample through 
the sample needle (9) and for releasing this 
amount of sample when the metering means 
(1) is connected to the solvent delivery system, 
characterised In that 

by the means (3) for moving the needle in X, Y, 
Z axes, the sample needle (9) is movable to 
various sample intake positions on a sample 
tray and to the injection position in which posi- 
tion injection into the capillary system takes 
place, whereby the means comprises a mech- 
anism (16) for vertical movement (Z) and a 
robot arm (6) comprising a jib (7) for X-slide 
movement and a rotation arm (8) which is 
freely hingeable at the free end of the jib and 
which is in a position to carry out movements 
±1 80 j in order to position the sample needle (9) 
attached to the free end of the rotation arm 
along the X and Y axes; 
and in that the sample needle (9) for high-pres- 
sure injection is connected to a flexible connec- 
tion capillary (13) comprising a glass capillary 
and a plastic coating. 

2. A sample injector according to claim 1 , character- 
ised in that the flexible connection capillary (13) 
retained in a supporting frame (15) in which the jib 
(7) is movably retained in vertical axis (Z) and in the 
X-axis, is routed at least partly inside curved tubular 
guides (18). 

3. A sample injector according to claim 2, character- 
ised in that outside the supporting frame (15) the 
flexible connection capillary (1 3) is connected to the 
metering means (1) by way of a high-pressure 
resistant fitting. 

4. A sample injector according to one of the preceding 
daims, characterised In that the flexible connec- 
tion capillary (13) comprises a quartz glass with a 



EP0 990 899A1 



5 



EP0990 899 A1 



polyetheretherketone casing. 

A sample injector according to claim 4, character- 
ised in that the flexible connection capillary (13) 
has a pressure stability of at least 400 bar, and for a s 
range of up to 0.6 mm exterior diameter of the 
quartz capillary, the diameter ratio of exterior diam- 
eter to interior diameter is at least 2.4. 

A sample injector according to claim 4, character- io 
Ised in that the ratio of exterior diameter to mini- 
mum bending radius in the area of the arms is at 
least 0.018. 
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